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Introduction
Swine producers must meet the processing plant's requirements for specific weights of pigs as well as weight ranges to avoid economic penalties. Pig weights within a population contain natural variability. In attempts to reduce these economic penalties, producers have adopted marketing practices such as topping, or marketing the heaviest pigs several weeks before the expected barn closeout; however, little evaluation of the accuracy of these marketing procedures has taken place. Because pig BW typically approximates a normal distribution, subsampling methods to predict the average weight of pigs in the barn can be used to model distributions of BW within the barn, but inad-equate data exist on the precision of subsampling methods. Therefore, we developed a method to determine the precision and bias of pig mean weight estimates for varying sample sizes and sampling methods.
Procedures
A total of 3 datasets (A, B, and C) were used to evaluate sample size and method of sampling on the precision of estimating the pig mean weight of the barn. The first method of sampling tested was a completely random sample of the barn, disregarding pen arrangements. Samples of different sizes were taken (10, 20, 30, etc.) . The second method of sampling tested was comparing the number of pigs (1 to 15 pigs or the entire pen) sampled from an increasing number of pens until the various number of pigs had been selected from all of the pens.
Dataset A was derived from Groesbeck et al., 2007 4 . For dataset A (Figure 1 ), there was a total of 1,260 pigs with 23 to 28 pigs per pen and a total of 48 pens. The mean, median, standard deviation, and CV of the population were 253.0 lb, 254 lb, 32.8 lb, and 13.0%, respectively. Datasets B and C were obtained from research trials conducted by Elanco Animal Health. Notably, a portion of the heaviest and lightest pigs were removed from the barn prior to starting the studies for experimental design purposes, which could lead to a reduction in the variation of the barn. For dataset B (Figure 2 ), there was a total of 1,696 pigs with 16 to 23 pigs per pen and a total of 84 pens. The mean, median, standard deviation, and CV of the population were 275.0 lb, 277 lb, 27.1 lb, and 9.8%, respectively. For dataset C (Figure 3 ), there was a total of 950 pigs with 19 to 21 pigs per pen and a total of 48 pens. The mean, median, standard deviation, and CV of the population were 209.6 lb, 209 lb, 19.4 lb, and 9.3%, respectively.
A program was coded using R to demonstrate the error that varying sample sizes and methods of selecting pig weights to sample have on the estimation of the mean weight of the population. For the first method of sampling, the program was designed to take a completely random sample of the designated sample size, disregarding pen arrangements, and calculate the mean of this sample. The program then conducts this sampling technique 10,000 times, generating 10,000 sample means for each sample size (10, 20, 30, etc.) by randomly selecting the desired number of pig weights from the population. The 10,000 sample means for each sample size are sorted from least to greatest, and a 95% confidence interval (CI) is generated by selecting the 9,751 st observation, the upper CI, and the 250 th observation, the lower CI. The distances between the upper and lower CI represent the range of the mean estimations. Figures 4, 5, and 6 display a reference line for the upper and lower CI, and the line drawn down the middle represents the mean of the population. A similar code was conducted using R for the second method, but the second sampling method tested the sampling error among a varying number of pigs within varying numbers of pens, with 1 to 15 pigs or the entire pen sampled from 1 to all of the pens. Figures 7, 8, and 9 represent the range between the upper and lower limits associated with the varying number of pigs per pen and varying numbers of pens, and the following Tables (2, 3 , and 4) list the range values.
Results and Discussion
It is important to note that the random samples were generated using a computer program, that samples taken from the barn are not truly random, and that bias can be generated. When increasing the sample size of a completely random sample from 10 to 200 pigs, the range between the upper and lower CI was reduced when estimating the mean (Figures 4, 5, and 6) for all 3 datasets. A majority of the improvement in the precision of the estimation occurred when the sample size was increased from 10 to 90 pigs (Table 1) . The difference in accuracy of sample size between the different datasets is also important to note. This could result from the difference in the standard deviation of each dataset along with the distribution of each dataset (Figures 1, 2, and 3) . Any removal of lightweight pigs prior to starting pigs on test may have altered the variation of pigs within the dataset, which may be particularly evident in datasets B and C.
As both the number of pigs and the number of pens were increased when sampling, the range or distance between the upper and lower CI decreased (Figures 7, 8, 9 and Tables 2, 3 , and 4). For the barn with the most variation, increasing the number of pens sampled while keeping the total number of pigs sampled constant led to a reduction in range between the upper and lower CI (Table 5 ). For dataset A, when sampling 15 pigs from 2 pens the estimated range between the upper and lower CI was 32 lb, but when sampling 1 pig from 30 pens the range between the upper and lower CI was to be 23.1 lb. Therefore, increasing the number of pens used when sampling the barn can improve the range between the upper and lower CI by 28%; however, this improvement was not observed in datasets B and C. The decreased variation in datasets B and C due to allotment for experimental design purposes allowed for a smaller effect or no effect on the range by increasing the number of pens sampled. Because dataset A is typical for a commercial barn and no negative effects were observed from increasing the number of pens on datasets B and C, taking a random sample from an increasing number of pens is recommended when estimating the mean of the barn.
In conclusion, sample size, method, variation, and distribution of pigs within a barn can substantially affect the precision of estimating the mean weight of all pigs in the barn. Producers should take this into consideration when weighing pigs prior to topping to make marketing decisions. Finding ways to improve the ability to accurately estimate the mean weight of pigs without drastically increasing workload could provide great benefits for producers in making marketing decisions. Figure 4. For dataset A, individual pig weights were collected on a total of 1,260 pigs (actual population weight = 253.0 lb and CV = 12.98%) with 23 to 28 pigs per pen. The datasets were then analyzed by taking random samples, disregarding pen arrangements, of different sample size (10, 20, 30, etc.) and calculating the mean. This was completed 10,000 times for each sample size. Each point represents the mean calculated for the respective sample. Reference lines representing the 95% confidence interval have been drawn, and the center line represents the actual population mean. Figure 6. For dataset C, individual pig weights were collected on a total of 950 pigs weighed (Actual population weight = 209.6 lbs and CV = 9.26%) with 16 to 23 pigs per pen. The datasets were then analyzed by taking random samples, disregarding pen arrangements, of different sample size (10, 20, 30, etc.) and calculating the mean. This was completed 10,000 times for each sample size. Each point represents the mean calculated for the respective sample. Reference lines representing the 95% confidence interval have been drawn, and the center line represents the actual population mean. Figure 7 . For dataset A, individual pig weights were collected on a total of 1,260 pigs (actual population weight = 253.0 lb and CV = 12.98%) with 23 to 28 pigs per pen. The dataset was analyzed by estimating the overall mean using different sampling methods. These methods explored different numbers of pigs selected within pens, and total number of pens sampled. This was completed 10,000 times for each sampling method and the range or difference between the upper and lower confidence interval was calculated. Each point on this graph shows the range between the upper and lower confidence interval, represented in pounds. The dataset was analyzed by estimating the overall mean using different sampling methods. These methods explored different numbers of pigs selected within pens, and total number of pens sampled. This was completed 10,000 times for each sampling method and the range or difference between the upper and lower confidence interval was calculated. Each point on this graph shows the range between the upper and lower confidence interval, represented in pounds. Table 3 . The range between the upper and lower confidence interval for varying pigs and pen as presented in Figure 8 ( Figure 9 . For dataset C, individual pig weights were collected on a total of 950 pigs weighed (actual population weight = 209.6 lb and CV = 9.26%) with 16 to 23 pigs per pen. The dataset was analyzed by estimating the overall mean using different sampling methods. These methods explored different numbers of pigs selected within pens, and total number of pens sampled. This was completed 10,000 times for each sampling method and the range or difference between the upper and lower confidence interval was calculated. Each point on this graph shows the range between the upper and lower confidence interval, represented in pounds. Table 4 . The range between the upper and lower confidence interval for varying pigs and pen as presented in Figure 9 (dataset C) Table 4 . The range between the upper and lower confidence interval for varying pigs and pen as presented in Figure 9 (dataset C) 
